We present a proper motion investigation of a sample of Be star candidates towards the Magellanic Clouds, which has resulted in the identification of separate populations, in the Galactic foreground and in the Magellanic background. Be stars are broadly speaking B-type stars that have shown emission lines in their spectra. In this work, we studied a sample of 2446 and 1019 Be star candidates towards the LMC and SMC respectively, taken from the literature and proposed as possible Be stars due to their variability behaviour in the OGLE-II I band. JHKs magnitudes from the IRSF catalog and proper motions from the SPM4 catalog, were obtained for 1188 and 619 LMC and SMC Be stars candidates, respectively. Color-color and vector-point diagrams were used to identify different populations among the Be star candidates. In the LMC sample, two populations with distinctive infrared colours and kinematics were found, the bluer sample is consistent with being in the LMC and the redder one with belonging to the Milky Way disk. This settles the nature of the redder sample which had been described in previous publications as a possible unknown subclass of stars among the Be candidates in the LMC. In the SMC sample, a similar but less evident result was obtained, since this apparent unknown subclass was not seen in this galaxy. We confirm that in the selection of Be stars by their variability, although generally successful, there is a higher risk of contamination by Milky Way objects towards redder B−V and V−I colors.
INTRODUCTION
Be stars are broadly defined as non-supergiant (luminosity class III to V) B-type stars that have or have had Balmer emission lines (Collins 1987) . The presence of a flattened circumstellar gaseous disk formed of material ejected from the star, a dust-free Keplerian decretion disc, is currently the accepted explanation for some of the observed features in Be stars: the UV stellar light is reprocessed in it and produces the emission lines, and the observed IR excess and polarization result from the scattering of the stellar light by the disk (see Rivinius et al. (2013) for details). Several mechanisms have been proposed for the mass-ejection process that forms the disk, which are well constrained but not totally understood. In the so-called Classical Be it clearly comes from the rapid rotation of the star, probably along with other processes including non-radial pulsations and smallscale magnetic fields; and in binaries stars the material is E-mail: kvieira@cida.gob.ve being accreted by the companion of the Be star, generally a white dwarf. Mennickent et al. (2002) and Sabogal et al. (2005) , have identified a large number of Be star candidates towards the Magellanic Clouds based on their photometric variability in the OGLE-II I band. Mennickent et al. (2002) has proposed a classification of these variability-selected stars into four types according to their light curves morphology and suggest that Type-1 and Type-2 stars could be Be stars with accreting white dwarfs in a Be + WD binary or blue premain-sequence stars showing accretion disc thermal instabilities, Type-4 stars could be single Be stars and Type-3 stars should not be linked to the Be star phenomenon at all. They found also a sample of transition stars between Type-1 and Type-2 stars, and suggested that these stars could be experiencing the same phenomenon, which could be outbursts of plasma, accretion from a white dwarf companion, or accretion disc thermal instabilities like these found in blue pre-main sequence stars. This last hypothesis was discarded in the study by Mennickent et al. (2009) . Paul et al. (2012) showed that the photometric method used in the aforementioned works is effective in the selection of Be star candidates. Their spectroscopic analysis found that most of the stars studied from a sample of such candidates in both LMC and SMC, belong to early type stars with emission supporting circumstellar material. However an enigmatic result was obtained in their work among Type-4 LMC Be candidate stars: a subgroup of the brightest and most massive stars was found in the sample with no NIR excess and large reddening although they were not located in regions with high reddening. Stars with similar characteristics were not found in the SMC or in our Galaxy and it was proposed they formed a possible subclass of stars that needed further analysis.
In this work we used the Southern Proper Motion 4 catalogue (SPM4) (Girard et al. 2010) to study the kinematics of Be star candidates of the LMC and SMC galaxies, to probe the presence of contaminants or various populations in the studied samples, and with such information gain a better insight into the nature of these stars. This also allowed us to independently evaluate how successful the photometric variability techniques used by Mennickent et al. (2002) and Sabogal et al. (2005) are to select Be star candidates, and confirm that some biases could be present in such method.
CROSS-MATCHING BE STARS WITH IRSF AND SPM4
Be star candidates for the LMC and SMC were obtained from Sabogal et al. (2005) and Mennickent et al. (2002) , respectively. A total of 2446 and 1019 candidates were listed, but we found four and two repeated entries in each catalog. In the LMC, the four sources that appeared twice each, had the same sky coordinates, and very similar magnitudes and colors, only differing in their Type. In each case, one entry was a Type-4, and for the lack of better information, we kept that entry in the catalog and deleted the other. In the SMC, a similar situation was faced and since in the two cases one entry was a Type-1 star, this one was selected in each case. The final lists of unique entries of Be star candidates to match contained 2442 and 1017 stars in the LMC and SMC, respectively. A first match by sky coordinates was done between the Be star candidates and the SPM4 catalog, with 3" as a matching radius. A few multiple matches (two Be stars matched to the same SPM4 star and viceversa), were found. Since SPM4 measured a V magnitude, a comparison with their OGLE-II's V could provide additional information to clarify these problematic matches and also to discard false matches, but the SPM4 photometry in the LMC and SMC areas comes mostly from photographic plates and has a poor quality compared to CCD photometry. We also noticed the J-H vs. H-K color-color diagram done with the JHKs 2MASS magnitudes listed by SPM4, suffered from a noticeable higher dispersion, as compared to those published by Paul et al. (2012) using the InfraRed Survey Facility (IRSF) magnitudes by Kato et al. (2007) .
Therefore, we decided to make a cross-match between SPM4 and IRSF in the areas that cover the location of the Be star candidates in the LMC and SMC, respectively, to obtain a SPM4×IRSF catalog with proper motions and good infrared magnitudes. Then a second match between the Be star candidates and this SPM4×IRSF catalog was performed to make the final cross-identifications. While the IRSF photometry is of better quality, the catalog contains a non-negligible portion of false or poor quality entries (extended/faint/saturated/etc. sources), therefore in an effort to consider only good quality point sources, we selected only those with the quality and periphery flags both equal to 111 and the adjacency flag equals to 000. By applying such restrictions, the IRSF catalog was reduced to about 15% of the original total number of listed entries. To our surprise, we found a few tens of these point sources with repeated IDs, that had the same sky coordinates and similar photometry (within 0.1-0.2 magnitudes), and for the lack of better information, we chose the first one to appear for each case.
As IRSF has a fainter limiting magnitude than SPM4, the risk for mismatches between the catalogs by using only the position in the sky cannot be ignored. But SPM4 2MASS-measured JHKs magnitudes help us to overcome this trouble, by looking also for a similarity in the J-band photometry. We first transformed the 2MASS J magnitude listed in SPM4 to the IRSF system by applying the corresponding transformation, listed in Table 10 of Kato et al. (2007) as J IRSF =J 2MASS -0.043(J 2MASS -H 2MASS )+0.018. Then, for all IRSF sources within 3" in the sky and within 0.5 magnitudes in J magnitude from a SPM4 one, a match is done with the IRSF star with the smallest
where ∆θ is the sky angular separation in arcseconds between the (ra,dec) coordinates listed in SPM4 and IRSF, and ∆J is the difference between the IRSF J magnitude and the 2MASS-transformed-to-IRSF one 1 . The metric defined by the above equation finds the IRSF star that is closest in both position and magnitude to the SPM4 one. This procedure should minimise false matches.
Having constructed this SPM4×IRSF catalog, one per Magellanic Cloud, we proceeded to cross-match the corresponding Be star candidates with them, this time using only the sky coordinates to find their match: for each Be star candidate, we found the closest SPM4×IRSF source within 3".
During the matching process in the LMC, we found twenty six cases where we had two Be star candidates matched within 3" with one SPM4xIRSF star. Among these multiple matches, the largest difference in colors B-V and V-I was about 0.2 magnitudes and generally smaller than 0.05 mags. Not having other information to decide, we chose the closest in angular separation as the most probable true match. We finally obtained 1188 Be star candidates with SPM4 proper motions and IRSF JHKs magnitudes.
During the matching process in the SMC, we found nine cases where we had two Be star candidates matched within 3" with one SPM4xIRSF star, and in one case we had one Be star candidate matched within 3" with two SPM4xIRSF stars. Among these multiple matches, the largest difference in colors (B-V and V-I for the first nine cases, and magnitude J for the last one), was as observed in the LMC, and not having other information to decide, we again chose the closest in angular separation as the most probable true match. We finally obtained 619 Be star candidates with SPM4 proper motions and IRSF JHKs magnitudes. Figure 1 shows the histograms of ∆θ and ∆J for each of these final matches catalogs, labeled as SPM4-IRSF. In the first two panels, we also include a histrogram of the sky angular separation in arcseconds between the SPM4 sky coordinate and the one listed by Sabogal et al. (2005) and Mennickent et al. (2002) (taken from OGLE-II), for the LMC and SMC, respectively, labeled as SPM4-Be. Table  A1 (see Appendix) shows a few lines of the final data table for the LMC sample; the SMC table has the same structure. Sky equatorial coordinates and proper motions with their corresponding errors come from SPM4, BVI photometry comes originally from OGLE-II and JHKs photometry comes from IRSF, the OGLE-II ID as well as the Type of each Be star candidate comes from Sabogal et al. (2005) and Mennickent et al. (2002) , for the LMC and SMC, respectively. Additional information regarding the quality of the proper motion (columns m, n and i from SPM4), as well as the SPM4 ID are included, to identify a few stars in SPM4 whose proper motions are of lower quality due to the fact that the 2nd-epoch position was not measured neither in SPM plates (n=0) nor CCDs (i=0) but was taken from an input catalog. Such few stars are labeled as false SPM4 stars, as their proper motions are not measured exclusively with SPM4 data, although their first epoch material is from SPM4 (m indicates the number of 1st-epoch SPM4 plates used for each star, and for all SPM4 stars, always m> 0.).
SAMPLE SELECTION FROM COLOR-COLOR DIAGRAMS
After close examination of various color-color and colormagnitude diagrams that could be done with the collected show the results obtained in this regard. For both Clouds, these samples were defined with the same cuts in photometry, as described in Table 1 . The number of false SPM4 stars within each sample is shown in parenthesis. Such selection was motivated by the results obtained by Paul et al. (2012) , where a sample of enigmatic candidates were obtained in the LMC Be star candidates, although not in the SMC, described as Type-4 stars with different optical and NIR properties. These stars "do not have NIR excess, show large reddening, but are not located in regions with high reddening. The reddening corrected magnitudes make them the brightest and most massive stars in the sample. Detailed spectroscopic studies are needed to understand these enigmatic candidates" (Paul et al. 2012 ). Within our study, such subgroup correspond to sample B within each cloud, and as expected, in the SMC such sample is much less populated. Our figures 2 and 3 replicate figures 3 and 4 from Paul et al. (2012) , although no extinction correction was included, as it was deemed to small to have any significant effect in our investigation .
The histograms of ∆θ shown in the lower right panel of figures 2 and 3 reveal that samples C within each Magellanic Cloud are in fact mismatches between the Be star candidates and the SPM4×IRSF catalog. Stars in samples C have quite faint V magnitudes and J-H and H-Ks colors typical of GKM giants, as seen in the upper right panels of figures 2 and 3. Therefore, samples C within each Magellanic Cloud are discarded at this point from any further consideration, and only samples A and B are analysed in the following sections. Figure 4 shows the vector points diagrams for samples A and B within each of the Clouds. In both cases, although especially for the LMC, it is evident that sample B is dominated by stars with large enough proper motions that place many of its stars within the Milky Way. This settles the nature of the originally thought as a new subclass of Be star candidates in the LMC suggested by Paul et al. (2012) , as simply stars located within the Milky Way foreground, having noticeable larger values of µ δ than those expected for stars in the LMC. In the SMC, we also found that many stars in sample B show systematic larger values, this time easily visible in µ α cos(δ), when compared to the bluer sam- This result is further confirmed when comparing the histograms of proper motions for all these samples with ones obtained from the SPM4×IRSF catalog, using the photometric selection proposed by Nikolaev & Weinberg (2000) based on JHKs magnitudes. Figure 5 shows the histograms of µ δ and µ α cos(δ) for the LMC and SMC, respectively, for their corresponding samples A and B, and for two samples chosen within each Magellanic Cloud, and named NW-A and NW-B respectively, defined as described in Table 2 . Samples NW-A are dominated by stars in the Magellanic Clouds of spectral type and luminosity class O3-O5 V and B-A I-II, while samples NW-B are dominated by Milky Way disk stars of spectral type and luminosity class F-K V. It is important to notice that to select these NW-samples, we used IRSF JHKs magnitudes. It is visible that samples A and NW-A follow similar kinematics, and so do samples B and NW-B, within each Magellanic Cloud. This similarity refers mainly to central tendency values, that is that the mean values of samples A and NW-A are close to each other, and so are in samples B and NW-B, although regarding dispersion, each pair of samples also bear resemblance. Table 3 contains the number of data points, mean and unbiased standard deviation of µ δ for LMC, and µ α cos(δ) for the SMC, for their corresponding samples.
PROPER MOTION RESULTS
In any case, the main point of this investigation is to prove that samples B do not follow the kinematics expected for the Magellanic Clouds, that is that samples B proper motion distribution is noticeably different from their corresponding samples NW-A. Two-samples Welch's T-tests were performed on each possible pair of samples to test the null hypothesis that the means of the compared samples are the same. The obtained p-values are in Table 4 and indicate that the null hypothesis should be clearly rejected when comparing samples B vs. NW-A, and A vs. NW-B ones. These tests also show that the null hypothesis should not be indisputably rejected in the other cases, that is A vs. NW-A and B vs. NW-B, except on the LMC A vs. NW-A case, where it is visible that some difference exists in the means. Still in this case, we notice that their distributions overlap well enough to substantiate the idea that A and NW-A share a similar kinematics, i.e. that many of the Be star candidates in the LMC sample A are indeed located in the LMC. It should be taken into account that SPM4 proper motion errors do affect the performance of these tests, and contamination from other populations or the presence of systematic effects in the SPM4 proper motions should be considered (See section 5 for an analysis of this last point).
Cross-examination with some measured radial velocities
In Paul et al. (2012) , radial velocities and spectral types were determined for 102 Be star candidates drawn from Mennickent et al. (2002) and Sabogal et al. (2005) , 39 and 63 stars in the LMC and SMC, respectively. In the SMC list, the star with OGLE-II ID 005224.40-724038.6 appeared twice, with the same sky coordinates and photometry but with Types 1 and 2, and different radial velocities though still consistent with each other within errors (V r = 149 ± 30 km/s and V r = 115 ± 24 km/s, respectively). In fact this star was identified in our work and the Type-1 entry was taken for the match with SPM4, so in this case, for consistency we do the same again. From the LMC sample, 8 stars (out of 39) were identified in our work with proper motions in SPM4 and their data are displayed in Table A2 . From the SMC sample, 33 stars (out of 63) were identified in our work with proper motions in SPM4 and the data for a few stars are shown in Table A3 . Figure 6 shows the radial velocity RV for these stars versus the V-I color 2 , with a symbol sized by the total proper motion µ = (µ α cos(δ)) 2 + (µ δ ) 2 . Despite the fact that proper motion errors at the distance of the Magellanic Clouds represent a much larger error in km s −1 as compared to the RV errors, it can be noticed how many of the SMC bluer stars have RV>150 km s −1 and also the smaller proper motions, therefore all kinematical information is consistent with their membership to the SMC. For the LMC stars, with so few stars this plot is not as useful. In any case, this plot confirms that the bluer a variability-selected Be star candidate is towards the Magellanic Clouds, more probable it is to belong to these galaxies.
DISCUSSION
When finding trends of proper motions among colourselected samples, it is important to check that such behaviour is not the result of systematic errors within the catalog used, and therefore of non-cosmic origin, so to say.
In the Magellanic Clouds area, the SPM4 catalog has measured proper motions, using observational materials of different kinds for their 2nd-epoch positions: photographic plates or CCDs (in a very few cases, these positions were directly taken from an input catalog, which can be Hipparcos, Tycho-2, UCAC2 or 2MASS, then n = i = 0). Proper motions computed from 2nd-epoch CCD have errors about 2-3 times smaller than those from 2nd-epoch plates, and such errors are correlated with position in the sky, depending on the location of the plates. It can also happens that from one area in the sky with plates to another one with CCDs, an offset in the reference system takes place, artificially introducing trends in proper motions. Many astrometric catalogs suffer from these problems, but a thorough examination of the results generally reveals if such issues are present. A quick examination of the proper motions in the Magellanic Clouds area within the SPM4 catalog, reveals some trends with n that were inspected carefully to check if those could be behind the results described in the previous section. No trends in proper motion with m or i were observed, which in a catalogue like SPM4, are not unexpected.
Within the LMC SPM4×IRSF catalog, it is visible that stars with n = 0 (no 2nd-epoch plates, therefore CCD positions if i > 0) have an overall shift in their µ δ values towards positive values, as compared to the stars with n > 0, whose global distribution looks more centered towards zero. Within the LMC Be sample, about 10%, 20% and 70% of the stars have n = 0, n = 1 and n = 2, respectively. The proper motion trend in µ δ is the same for n = 1, 2 and as described in the previous section, and for n = 0 is a bit offset but still sample B shows positive and larger values in µ δ as compared to sample A, as shown in Fig. 7 , upper panel. Within samples A and B, n = 1, 2 stars represent 73% and 83% of the stars, respectively. The majority of the n = 0 stars are located towards the west end of the LMC Be stars in the sky. Within the SMC SPM4×IRSF catalog, no visible trend in the proper motions with n was visible. Within the SMC Be sample, about 80% of the stars have n = 0, and the same proportion is seen within sample A and sample B. Figure  7 , lower planel, shows µ α cos(δ) vs. V − I color-coded by n, which in this case ranges from 0 to 4. We conclude that the observed trends in proper motions are a real feature of the samples chosen and not a bias caused by systematics in the SPM4 catalogue.
CONCLUSIONS
• A proper motion investigation for a sample of Be star candidates towards the Magellanic Clouds, using data from the SPM4 catalog has been done, which has allowed us to separate a Galactic foreground population from the Magellanic background one.
• The Galactic foreground population has redder colors in B-V and V-I and large proper motions visibly different from those expected for the Magellanic Clouds.
• In the LMC, this population is readily visible as a cluster in the J-H vs. J-Ks color-color diagram and had been described in the literature as an intriguing subgroup of stars within the LMC, that needed further spectroscopic analysis to clarify their nature.
• Our result proves that these stars are simply not in the Magellanic Clouds and confirms that the photometric variability method used by Mennickent et al. (2002) and Sabogal et al. (2005) to select Be star candidates, suffers from significant contamination towards redder B-V and V-I values. 
